INTRODUCTION
Depending on the material a solid body is made of, the relation between load and déformation may vary greatly in character. Any deeper understanding requires an analysis of the governing physical and molecular processes which take place on a microscopic scale. On the other hand, a study of the macroscopic behaviour, in particular numerical simulation, eventually has to rely upon some continuüm model. One may analyze microscopic and macroscopic models separately, or concentrate on their interaction. Within this paper, we restrict ourselves to macroscopic models which are rate independent and assume small strains. Such a type of behaviour is typical e.g. for the eîastoplastic déformation of commonly used ductile steels at room température. To model the eîastoplastic stress-strain law, we use an operator formulation, namely £ = ^(cr), a = »(£), (1.1) which automatically distinguishes between the stress controlled and the strain controlled situation. Hère, the operators SF and 'S map certain spaces of functions, defined on some time interval [t 0 , t x ] with values in some tensor space, into each other. In the rate independent case considered here, such operators are often called hystérésis operators. We consider the stress-strain law in isolation, that is, we concentrate on the évolution in time according to (1.1) at a single point; thus, the balance laws which specify the space interaction do not play any role here. We study the question whether the stress-strain law is wellposed in the space W hl (t Q9 t x \ T d ), that is, whether the operators SF respectively * § are well defined and continuons with respect to the norm Hère, we discuss models which are of pure kinematic hardening type. The basic model, usually termed linear kinematic hardening, is due to Melan [27] and Prager [33] ; during the last 40 years, many modifications and refinements have been developed in order to cope, for one thing, with the experimentally observed phenomenon of ratchetting. We refer to [7] , [8] , [9] , [16] , [17] , [36] and [20] for discussions and comparisons. We show in this paper that some of these, in particular the models of Armstrong and Frederick [1] , Bower [2] and Mróz [29] can be reduced to a differential équation of the type w = Ö + ^(Ö, u) \t\ .
(1.3)
Hère, 8 stands for a or e, depending on whether we consider the stress controlled or the strain controlled case; u represents an artificial function and JM dénotes a certain operator, for each of the models considered. We will not require .M to possess any monotonicity or convexity properties. The function £ is related to u through the variational inequality which expresses the principle of maximum dissipation or, equivalently, the normality rule. The réduction to (1.3) as well as the wellposedness of the initial value problem for (1.3) constitutes the main content of this paper and is discussed in Sections 2 and 3. Some additional material related to the Mróz model is presented in Section 4. The appendix includes a resuit concerning the Lipschitz dependence of £ upon u.
From the standpoint of mechanics, a proposai of a stress-strain law will be meaningful only if it is compatible with the second law of thermodynamics. For the isothermal case considered here, this means that the energy dissipation rate has to be nonnegative, that is sa-Ü ^ 0 (1.4) has to hold along any possible trajectory of the System; here, U dénotes the internai energy. For Systems with memory, however, the construction of a suitable nonnegative U can be a tricky and nontrivial business. To tackle this problem in a somewhat gênerai manner, the notion of a dissipation potential has been introduced. Within that framework, it is shown in [14] that for a certain class of standard generalized materials the second law is satisfied. We refer to [26] and [24] for an exposition and for remarks concerning the relation to the models treated here; we will be satisfied with a different explicit construction of U for those models, in form of a hystérésis operator. We do not study multisurface models, except for some remarks. The Chaboche model will be treated in a subséquent paper.
KINEMATIC HARDENING MODELS
In order to fix our notation, we start with a brief review of the ingrédients of kinematic hardening models. We dénote by T the space of symmetrie N x N tensors endowed with the usual scalar product and the associated norm For T G T, we define its trace Tr T and its deviator r d by 2) where ô = (J y ) stands for the Kronecker symbol. We dénote by hold for all admissible arguments. Note that the left hand side of (2.6) respectively (2.7) represents the rate of dissipation of the energy. In terms of rheological models, all the models studied below have the structure
that is, a linear elastic element ê is connected in series with the parallel combination of a rigid plastic element M and a "kinematic" element Jf ; essentially, M defines the form of the yield surface,while JT describes its movement. The rheological structure (2.8) is reflected in the décomposition 9) of the stress and strain tensor into an "elastic" and a "plastic" part, sec figure 1. (In order to For ail models considered below, the plastic strain is volume invariant, that is, In view of the normality rule (2.12), condition (2.13) requires Z to have the form
We will restrict ourselves to the von Mises yield condition where 3P dénotes the play operator with the charactenstic Z d (agam, we refer to the appendix) The stress-strain law in stress controlled form becomes
Thus, the wellposedness of fF -with respect to a given pan: of norms m stress and stram space -is equivalent to the wellposedness of the évolution vanational înequahty (2 21), (2 22) In particular, the estimate
which lies at the root of the theory ïnitiated by Lions and Brézis (see [3] and [25] and the hterature cited there), yields the Lipschitz continuity of
If one couples linear kinematic hardemng with the balance équations of lineanzed elasticity, the resultmg boundary value problem fits well into the framework of convex analysis, and the estimate (2 27) usually leads to uiuqueness in a natural manner We refer to [12] , [14] and [32] for the gênerai approach and to [13] , [15] , [19] and [31] for results concerning linear kinematic hardemng In contrast to that, our proof of wellposedness of the models below requires stronger continuity properties of the operator ^, to be discussed in the appendix By (2 26), those results also furmsh stronger results on continuous dependence for the Melan-Prager constitutive law
Its compatibihty with the second law follows from the ïnequahty To dérive the wellposedness of the Armstrong-Frederick model, we employ a suitably chosen auxiliary variable. For the stress controlled case, we consider
Multiplying (2.12) by yR, we see that has to be satisfied. In operator notation, (2.36) (2 39) we obtain the stress controlled differential équation for the unknown function w,
which we have to solve subject to the initial condition
We will prove the wellposedness of this problem in Section 3 A sirrular procedure works in the stram controlled case We assume Hooke's law for the linear elastic part (2 10) , that is,
holds with the Lamé constants À, n > 0 Consequently, we have
We now choose the auxihary function 
Bower's model
In order to improve the description of ratchetting effects which occur during the elastoplastic déformation of railway rails, Bower [2] refined the Armstrong-Frederick model as
where o 0 is an additional constant and is given.
We have vol. 32, n° 2, 1998 and the same argument as in (2 32 
The model of Mróz
In contrast to the models above, the hardening rule a e = Jf? F ( o d ) of the Mróz model [29] is not based upon a formula involving the plastic strain rate i? ; instead, it employs a certain geometrie construction involving an auxiliary surface, namely the sphère dB R ( 0 ) with the radius R > r around 0. (We will not treat the case of several auxiliary surfaces as in the original paper [29] , nor the vesion with a one parameter family of surfaces discussed in [10] , [11] and [4] .) Assume that there holds \aJit)\<R, f e (r^).
(2.75)
The Mróz hardening rule is defined by We now show how this construction is related to the stress controlled differential équation Oj (2.77)
To this end, let us first assume that the function ju is determined as described above. Let the auxiliary function u solve the équation 
EXISTENCE, UNIQUENESS AND REGULARITY RESULTS
In this section we study the wellposedness of the Cauchy problem
3)
The unknown functions are u and £, whereas the initial conditions «°, x° as well as a source (or input) function 9 are given. By & we dénote the play operator with the charactenstic Z = B r (0), r > 0, as defined in the appendix. The operator JM may have a rather gênerai form, but it is required that all values */#(#, u) (t) are uniformly smaller than 1 in absolute value. To be more précise, we consider
where X is a finite dimensional Hilbert space, and 0 dénotes a set of admissible input functions. In f act, JM may also depend upon the initial value x ; however, for simplicity we will suppress this dependence in the notation except in the statement and proof of Theorem 3. but we will usually drop the index t in the sequel. Since we will use the method of the retarded argument for the proof of the basic existence theorem, we also require 0 to be shift invariant, that is, x è 9 G 0 for every 9 e 0 and 3 > 0, where the shift T ƒ of a function ƒ defined on [£ 0 , t x~\ is given by (3.17) In the second step, we consider the Cauchy problem Inserting (3 38) into (3 37) we finally conclude that
The proof is complete D We apply the results of Theorem 3 2 and of Theorem 3 3 to the models of Armstrong-Fredenck, Bower and Mróz We begin with the Mróz model which is particularly easy to treat, because in this case the operator Ji does not depend upon u Let de W ( t Q9 1 1 , T ) be given According to Subsection 2 4, we have to solve the initial value problem (3 40) lts solution (u, O détermines a e and a p by (2 78) The stress controlled constitutive law [24] , p. 222) shows that, in proportional loading, the plastic s train tends to infinity as we enforce |cr rf | to approach the value R + r. Then one easily checks that the ansatz Assuming the latter, we get for the strain controlled Armstrong-Frederick model, G (a, b) ,
O<(0(O-x(t),d(t)-x(t)) = (Ç(t\O(t)-x(t))-±\Ç(t)\ |0(O-
implies that
Assume that (3.73) holds for some t. We then have a.e. in ( a, a + r\ ). On the latter interval, we obtain the estimate [21] ; the gênerai case as well as (ii) have been proved in [22] . Theorem A.5 appears to be new. Corollary A.6 is a special case of Theorem 20.1 in [21] ; however, in [21] there is no comment conceming its proof, nor is the value of the Lipschitz constant indicated. Note that in Section 3 we use the fact that the constant in front of the first intégral on the right hand side of (A.20) equals 1. On the other hand, we do not know whether the Lipschitz constant given in (A.21) is optimal, cf, also Example A.8 below.
For With the pair (w, V) we thus achieve (A.36), (A.37) for a given 8 > 0 if we choose a > 0 sufficiently large and h > 0 sufficiently small. Finally, we recall the following resuit, which goes back to Visintin ([38] ) for the scalar (i.e., dim (X) = 1 ) case. PROPOSITION 
